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ABSTRACT 

PROBLEM TO BE SOLVED: To provide a technique for removing catalytic 
elements from a semiconductor fi I m containing silicon, while leaving the 
characteristic features of low-temperature process. 

SOLUTION: An amorphous film 203 containing silicon is formed on a glass 
substrate 201 and crystallized by use of catalytic elements. Subsequently, 
an impurity element which belongs to the group 15 is selectively introduced 
into the thus obtained crystalline silicon film to form gettering regions 
208 and 209 and a non-gettering region 210. Further, the catalytic elements 
in the silicon film are transferred to the gettering regions 208 and 209 by 
heat treatment. Through these gettering steps, there can be obtained a 
crystalline silicon film 211 with the catalytic elements being reduced in 
amount to a satisfactory extent. 
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[#§fflf3fc©«&H] - 

K¥m4mej&a&za 1 out. 
*ttftr*««E^*#A-r*jB 2 const. 

OlSt, 

sfris^ 3 <DiM-&%(bt\tt^.m^ts^mm\zn bx 

mm*?? 2 u >ys«*3B 5 out, 

Miens 5 ©xgic^&»^&a«it(rf5^©s,6£j® 

*fcV»iM6ieBTfTtoft* ' t «W«fr *¥aM*36« 

H¥3wwnift»jar«* 1 ©iit. 

£!*)4-r£M£7t*£g&WK#A-r-5f§ 2 ©lit, 

mmsmizx. o itifiE^jift ¥##$£©'>&< t *>-gB£ 
«iMi:3-a-*jB3©igt, 

flfEfB 3 ©IS \z J: 0 ft 6 ttflUi* K» 

©xst, 
t 

v^iigiST^Tton* n t swtstr 
*^att¥#^MTS* c t £#mt-rs¥»#gfi© 

[«*K4] ItJ&g 1 Sfctt 2 K*3WT, li(rfEf!5©X 
JIfc&}*SlflJNUaati550 -650 -CWSfi^ffl-efTtoft 
* Ji t t f *¥*Wt**©«**ife. 

*ajfi-r-&M««7t^*#A-r-5^ 2 ©nt, 

flfflMflSIck 9MiE#il^¥##^£^JI<k£-&SS& 3 
©lit, 

3 ©Xgxl# 6nfca*«*tr¥aMS«C» LX 
»f-3t * ft: tt^t « JHWT Z>m 4 ©Xg t , 
tMESR 4 tifca**d«Ji|MWMItK» LX 

1 SlKldPir*^RW«j5E*«lJRWK#Ar*jB5 0I 

St, 



ttrcX&yy * u ^s-a-sfs 6 ©xst. 

^ttt vijafloeHTffton* c t tf-5¥^*s« 

©fUfcfrft. 

»iimwK««dt-r*jR i ©nt, 

*«K#a**j*<W«fc# LTtt#aK¥BftflR©tSAfl: 
*»fif S«&7tiSl£aiR6<J *S6 2 ©Ig t . 

fl«MB«i-«fc D«raE#fiH*mwi*©*fc< t 

£M$t^3©IIi. 

* £ 4 ©Xg t , 

Crisis 4 ©xg c ck k> « 6 nfcg* s^tHmwtutfctf 

©Xgt. 

imSBM\Z «k 0MIE^iSJE^l7t^S:#A LfcM«IC«frlEM 

JiTOR*^ y * U >ya**JB 6 ©lit, 

fe^fc 

AWE* 6 ©XStc^tt-5»^a«MfSSS©^4® 

m>m7] «*JS5Sfc«6fc*3Vix, awE»4®i 
£*§in±¥##$ix&.5 c: t t -r*¥#^^B© 

gK^sflnf&maysso ~65o -cwsft^fflxfrton 
a^ttt^5^a«r*sit*»«t-r 

©ffttfrifc. 

&¥*»#3£fi©^SW}£. 

* c t z>*m&-mw<Dftmjim. 

[f«S12] B3RJR1. 2, Si&a6CiV>T. ffl 
ffi«4J«7t»tUX, Ni. Co. Fe, Pd, Pt, C 

* c t *^Sit-r*¥#^SB©^S^fe. 
[f*Sl3] «*R1, 2, 5iftli6l:*V>T. S(r 

8H1 5^CJBT*^*t«l7C«t«, P. N. As, S 
b, B i d^6>S«nfc^< tt>— tP©7C5&WHne>ft 

[0 0 0 1] 
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in Film Transistor : TFT) ©f£SS^j£l::Wt"'5. 
[0 0 0 2] fc** *W«B»IC*V»T. ¥#frgES£te 

TFTOiO**#*TO**:6r. «ftff;¥&S^tt 
[0 0 0 3] 

[«!*©»*] ifi^. #5*aS*«C±l'TFT£j&jfc 

[0 0 0 4] 79 ; r<< b >J ?X31«A&*gfffi. 
»ttfc*/5'Uv^3!£jKSEirr»S. Sifc. sec* 

[0 0 0 5] £©«fcH5^/t— B»-t>a5>y^EI»tt 
KiaaBi^*fr3«8«!*«**©-e, St4JI£ LT#JI«3 

t*^>o tare®. mvtT-temik&mmm (#u->U3 

>M) ftSttBib&TFT*»*lilEK»:D-3t3»<5. 
[0 0 0 6] #SM&£6tt. #7X3fcK±»;:*lftttJ£* 
JR*»*ifc»©gt««!:LT«fBI!JF7- ! 3 0 6 5 2%^ 
«Ett©fit«*BB*LTVJ«. H£*8IEit©8cffitt. * 

l , nmsm ttfro^t -e&gktmmm tti&m- s t> © 

[0 0 0 7] E©S^»;mJi^©fMiE«fcD#ft»i 

*flt©ttflMt«j£*5o~ioo -cfe^i^Ttf-scii^pJti 

TT*D, *Sft{tC»T*«rlBI"b 1/5 -1/10 CiTW 
S££#T?*S. Sfc, C©fe^lrJ;c.Tf#e.n-g)^ft 

[0 0 0 8] 

[0 0 0 9] Sfc. TFT©efM*fc3^Uytttt7C 
6tt*©«*fcWftPfeW«©ia»fiB (U-i7/tx) left: 
*) ©^«fcilto£ffl<J8HC&oTV»*£#Afc. 

[ooio] s^t, teghimimmjimzm^ftizm 



[0 0 11] L*»Lfcj&«&, ±E¥a*J8V»3»&fctt 
8 0 OT:6U:©*Waa3Mi83!i:a*&»IHfMt©ftv» 

[0 0 12] **W»4±CW»«*«*Tj**nfct>© 

t?*o. •e®7 F, D-fe^©iit®*^ufcssa^sr-^tf 
«>©&a5£ii«-f s z. 1 iiit-rs. 

[0 0 13] 

©Utafctt. fe«atliiS^r-r*l£«Lhl^***tr#IIH 
*»ft««»ritT*»l©lSt. MtE^SS¥^M 
fc*f UTl^ftK¥»^©»i6Yt SWSrsftWiTBR 

*#A-r^^2©lSi, toMIKiOjitfHE^fifC^ 
WtiKftB&ft: S^«3ffllgi, flfflESi 3 ©1ST? 

m^iTm zmvim \zmxr^ a ©is <t . Angara k 

y^U>^aft*5B5©lSi, m 

[0 0 14] ffi©»W©«J«tt. «MBHii*«-r 
*S^fc«*^tf#fiH¥#^S»j£?-*3B l © 
lit. ^E»ftS¥S#:M{cMLTM*ft@¥»^J« 
©tt^*»ftr*«BaE5E**aR«C:#A-r-6lB 2 © 
lit. MW^fc±9Mffi#ftK¥*^ffl^fc<£ 
t>HW«tSafl:****3©XSt, HfrI2^3©xg(c 

*^««7aRftaKwc#A-r*»4©ist, jnaua 

*yy^U>^S**«5©Xfit, *4>U< 

«TffilB5©n«fc*»t*JiDSIWffiltt«KEatti©5jji 
SjBA&nMettBrcfrton* c t £#M<t:-r -5. 
[0 0 15] fcfc, #j&*¥*wtffltsiiiWk;!<'ti:*:ai 
1 1 5«Eir«-r*^K«l7E**WAT*lSi©IHK:, 

[0016] *$S9!©a&*«fciwtt. 
*. 

[0 0 17] ±flEiife«7C^<!:bT«N i (=7^) , 
Co (3;»h) . Fe 0ft) . Pd C^^A) . 
P t (a*) , Cu (i) , Au (^) TmSWTafe 

*. *»w*6©ia»"ra. -y^r^^ftfeSL^Tc^ 

[0 0 18] Sfc, ±IE«i7£*ftyy^U>yr<5 1 
5^7t^<i:LT«. N (££) , P <U» , As <8t 



(4) 



^¥10-270363 



m) . Sb (7>^E£/) . B„i *^f6 

[0019] j*s«fc«i£LTtt. mwtmtvr~y 

>r)V. *fv5>V>!?7m (1 5JKtE*) tLTU>ttt 
flit,;fc«#. 600 ■CflU»0«ini«a[lCJ:oT'J>t=y 
^;i/d^j£fti£-&$K^£^r. £©B*. Ni 3 P. N i 
5 P2, Ni2 P. Ni3 P2 . N i 2 P3 • NiP 
2 . N i P3 <fcV»3iS£:Wfc*£0 5S. 

[0020] £U:©*k. 3Xe3tt#AR¥*ttR© 

igark&ffijfi-r ^.m^c^ fciT=y *;n£ttffl ufc* 

r-5 

[0021] a®, ±ieMi«7t^ (^«t£^) « 
[0022] *3e?8Trtt-t©«a*Sft«t** 

tttUtu*. £©f)!St3«©^K«&A^fcfc© 
t&d, *3MB©W«©—r3T»* 

[0 0 2 3] 
2 0 6 *ff 

[0024] ftfca5aRfl!nMetfi«s*&v»«« 

<«yy * 'J >^«^0 fc^S?* bvx^ 2 0 7TS 

02 (d) Kw-rK^PTaRoK-tr^is&ff 

*'J>^«tt) 2 0 8. 2 0 9*J:lffl[yy^'J>y* 
tft2 1 OAWSni). 
[0 0 2 5] fLT. l'S?*hV*^2 0 7£Rfc£Lfc 

>4flW*2 1 0*fc*?ttr*««7t*«, ?v9Vy>? 
f®2 0 8, 2 0 9^i#lSf 5. 

[0026] ®>fy&v>ym.m.2 1 o©*£ 

+»C<g;M$nfcJiSS(±¥#fltm2 1 lfeS*. 
[0 0 2 7] 

<=>, P <U» *WffibT=y^*yy^U>iT* 
[0 0 2 8] sr. 02 (A) S-Ti^l:. 



«2 0 l±KTSkffit<bLT. Kfl3iSH(t2 0 2tr5X 
^CVDttCiO 200m©JP£laftKr«. JfclC, SUE 
HCVDft (Sfc(3;y7X?CVDt) #SfC 
S*m2 0 3 S50nmcDj?$('^T-5o £©Jg|J?til0~ 
75nm (JfS b < tel5~45nm) ©JP£T&*lfcf&H. 
[0 0 2 9] S:*, #AK3XJK&*£f>2X££-tgE 
AK¥*ttK. 0J*.«S i x Gei- X (0<X<1) £ 

[0 0 3 0] #AK£XDt2 0 3 ©jjSHrftSrfr 

5. BMfc*#tt4$MW30652**^©S9fimKlE 

[0 0 3 1] ST. ***fflft*C*V»TUV3fcfcJIMt 
r*itKJ:D*ftHa3RBl2 0 3 ©aSBlcHiftl/fcH 

r*. 

[0 0 3 2] ^C-^^$r 1 0 p pm (2S&JF) T 
^Tbfc=yir^iffl6tt[»Sa[*Mir*. ^LTXtf> 

aK&SK2 0 3 ©aiHKtSJHrS=y^r;i^*rJl 2 0 4 

[0 0 3 3] 0 2 (A) CjKTttJKSfcfcS. S*5?ffl 
la*T600 -C. 4hrsC0jD^S*fTVi. #SSt3i^Bt2 
0 3ft»ftYtr*. C©»JMtJjSKJ:Dttfttt^*lit 
2 0 5iWi6ftS. (0 2 (B) 

[0034] a*. ^©eaflaSKtft*. 
#tta->'j3>JK (#u->U3>dK) jWBj&snstf. 
ji&safefrTttisjM**©^ u =i >i^#5©t»^ t 

[0 0 3 5] Sfc. ±Ej»flft«i31tt*n«Pl**V»-S50 
~700 *C G?SL<(S550 ~650 *C) © j&KT? ff O Z. £ 

*«T?**. HOIS, MftSfl^JblSfifctf^xISKoii^ 
tt*#*bT46fflr**7^»R©*5^Sj««fct)fi< 

[0036] ±EMffltt7 7-^7^-^ mm 

[0037] 3fcc, # e»nfci®att^M 2 0 5 c» l 
ti^— tf-3t©js»*ffv». isatt©9c«sn^ieatt 

&mm2 0 6 Srf#S. *jlM^J-r«K r FI+WP- 
If- (Kg 2 4 8 nm) fefflV»S*«. X e C 1 X+->V 
tf— P Y A G I/— tf-^S:fflVJS d i feTiTS. 
(0 2 (C) ) 

[0 0 3 8] *j«i«Tfflt»*X*^-7W— tf-«/t;i/ 

x*®s©u— »f-T*D. »f-3t3i>»«a*sn*:i 
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[0039] 02 "(b) ^-r^s<kx@-cf#e> 
nz>f&£k&mmm2 o 5it^m.^^mi\zm^t 

•5. bfrU l^-1f-3t©{&t*KcfcoT^-©8lfr#ilSS 
[0 0 4 0] U— tf-^©MW*^ITbfc:6, IHItt£ 

mm2 o 6©asBj©«fljR*-fiiifcsu st«iv«<fc 
be (BBw-a-r) *»<«-r*. £©HMkiiw»*»BB& t f' 

X h-?X^ 2 0 7 ©&#tt£AttS3ft&ftt&*. 

[0 0 4 1] SfcKP (U» 7t^©h*-tf>^X@*y 
?XvK-tf>^*fc (*fctt-f*>ftA*) Tfr^o h* 
-tf>^^«RF«/j$20W , MJMffi 6 5~30keV 

OftX M tti OkeV) P tEJS CD F - X« tt 1 x 

10l3ions/cm2^± Off£b< \t 5X1013- 5X10l4ions 
/cm?) Tfr*.«.B^. 

[0042] a8fi-r**«P7£*F-i;>d/ftxx 

eV£U H— XStt 1X1014~ 5xi0l4ions/cm 2 <i:-rs 

[0043] *^BjT«iigatta^ 2 o 6*»2RHT 

5=yir;i/©iMEfcJ*ttbT, P7L*0«fltt»lffi&± 

K<fi:*«&*frSaft£UTP7aiS F-fcJ >^ISSfr 
MM© 5xl0l4ions/cni2 < >;V>'3 K— 
X*ttiMElM|fr*<t, *«) 4X1020atoins/cni3 fcaftSf 

[0 0 4 4] **W*60WilUcJ:ntf, 0 2 (B) © 

T. ^gr:y^r;UJgJ[©*iStt«lxiol9atoms/cm3 g 
m-V&Z. ftoT, C10»&ttP7E«jWlI(t«t'C«ttT'b 
1 x I020atoms/cm3 ggeuglBT* K- tf >^ 

[0 0 4 5] HOPtEJROK— £>4fttB2 <D) ©2 
0 8, 2 0 9T^3n^« (KT. V'y9 , )>{fW& 
KttUTfrfon*. H©F-l£>y©tt*, y 
y * U >4flW*2 0 8. 2 0 9 ttP7E**S«flElC«r 

[0 0 4 6] Sfc, 2 1 OT39«£*V&flUft CKT. 
V * U >^flRK£lf -SO tt. l/v'X h 2 0 7 

■3T«a*n*fc»P7E«tti4-K>yat«i:v». 
t. jaaw9©t«ft&^anfc*s©eira*#bfc« 

[0 0 4 7] P7£^©H-tf>yi@*^Tbfce.. u 



3>X h?^^ 2 0 7 &G&X,1dSMfv9 'J >tf(Dfz*b<D 

nmsmtn^ *yy*u >y««2 1 oowasKgi 

#T*=v$-JH£. y>y^U>^«2 0 8. 2 0 91: 

*"J>ifi»tt2 1 (0 2 (E) ) 

[0 0 4 8] C1©B#, tt«MKIttWMF<*»K*V»T^S 

®JE« 500'C^± Off Sb<« 550~650 *C) LTtlVS. 

Ma^ra«2B#me;± off£b<ku~i2 

[0049] ts.&. ajfi-r«3&*. »tii«aa©a£43«fctf 
Wrmfc i^T5*y * ij >i»^s*tt** < m<t? a. IP 

^D-t^ ws»*«ktfls»w jut* e>«®^# s&sg-r 

[0 0 5 0] fcfc, S«K*V»T. *^Bj*fe.« ftS 

[0051] ei±©««!n#Mflaxsicj;t3T. 

* U >£TftUft2 1 0 COrtWOD^y * U 

J£2 0 8, 2 0 9a. ^0^) £!ftV»ttiSn*. 

0 2 0 9*^ftKfl:UTV>SiiK:i»5«lfi 

[0 0 5 2] tLT, /^-r>^l:,koTy»;i"J> 

^2 0 8, 2 o 9ftl«^-r*c:iTH-^fi:-yy;p 
«K3WS»anfcfttt''«^->2 1 2j&*»sns. & 

^,0 2 (E) Kw-r»yyi"J>'^1R«2 1 HZi$^ 
T, yy * U >^««2 0 8, 20 9 tB»-r««ia« 

«fC-»cBas-r*j:i««a*uv». (02 (f) ) 

[0 0 5 3] [*%HJ©HM^#l;M bt) *^HJ©^f 

*tf=yir;» bTttiwt-rsis, <m$imz 
lsmtm (^jA«u» ^h*-tf>^bTy^^u> 

[0 0 5 4] ffKl, ©t<3>!W*»W©«*©BWT?*<5 
rp7E*ci*«a7BR©yy^U>yj JcH^^xg 

(b) >^©fc»©»is»flra[c*»*jaa«riBi 

( c ) P7C*©i£AXSl££ti-« K-XS 

(d) P7ai5©ftAlSfc*»t*JHi&*ffi 

[0 0 5 5] *%BJtt±iE/t5^-^35tfflStCl8^bT 
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[0 0 5 6] irf K-tf>i/I@£, »ji«fflOkeV , 
F-Xm 5X10l4ions/cm2-eff^« £L9H$PII£ 2^\Z 
H£Ufc^e>gg&#14£i»BJ-r-5„ @3 (A) ~ 

(f> iZTx-znz^mz, j tti j etim\z7--)VfiV, 

400 450 t:, 500 T:, 550*C, 600 *C©Jg£-©jlSfc 

m^x-bz. 

[0 0 5 7] ^HifcTte, *yy*U>^tRWl385?5*U 
fc. IO?LliFPM <HFtH202* ; E;Utt:T0. 5:0. 5 ICS 

«£v»i&«* V» K £. <tmg.\Z - yfr)Vt>m& bT V> £ £ 

[0 0 5 8] &i5, #5lifcT«^Xrt©£^fe|-;fc<51 
60X200 tfmffl/^-> (JkCF, SIS?/^— >tP»f) 

04(;::}3V>T, 40 1. 4 0 2aSyy^U>^ 
ffitt, 4 0 3 Ifitfy* u >^t£r*5. i!g?b*i/1* 

->«4 o ix^k-$nz>%LmzMifc-$'z>. 

[0 0 5 9] 03 (A) ~ (F) 
££j&iJfcbT^S. 

[0 0 6 0] 21<D«iejSy97t*ta&fc>bO«tH5T 

[0 0 6 1] fc*5, Ji::TVOflKlf*lSi»a#ffiiiaS 
y y * U >^ffi«©^tK«KM&£«ft S^T©^** 

©ffitfi] *» -a ©jeai t^xm^x 

[0 0 6 2] 0 5 Tftt 160 X200 /im©^;?— >£#% 
*T(C20 X 100 <WX9— ><D~ ~3\Z-Z> ^Tm^tdfe^ 
tRLX^ZW. ffi#£fcCffiJD^<&£«conT4BtlT 

©/1 37 — >Ttt 160X200 jLim©A^->J:ipfetl?a»3 

[0 0 6 3] £3 LT#**©1M#*T?a* 160x20 

ffi30keV , H— X« 5xi0l4ion8/ci2Tffflr». 
>^<0«ai«flKI*2«rlBlCHSgbfc«#, ^©gLSSffi 

t£ft hi-sswcmsoo *cet±Tr*.&iii:3&« 

$? $ U > £ H ? 5 
[0 0 64] dClT, P7C^tCJ:-5dr>yiJ"J>^m« 



CO ~ >y ^ ;kd^®j ic«k oTjifT-r-5 CI £ C <fc-5. 
[0 0 6 5] 160X200 i/mOy^->ffl|&, 
160 m mT$>5©T Z.<DX&— >O^L^ e>S$gfl£T© 

ffl^-TS. BP*, ^fc<£t> 160 it m£V»3IB*©t6BI 
« Tf**^U»Ott*3W8ffl T* * £ £ £ b T H -5 . 

te©^#?/^— >©&£*•>£. HKK:fi200~25 

[0 0 6 6] &43, £© 160x200 u m £ H -5 -tH" X© 
^-r-5TFT«g1±B/t^->K)— ^tl, -^©^n? 

se £«j&-r six© tft \zmm"c * *. 

[0 0 6 7] Sfc, fflffl#200/tm^£&S«i&:1M' 
X©gttSte, «AtfH7-f/t-0»*«fiWSTFT 

3a**#5nSC14:tt. 0 5(220X100 /imCD/^-> 
[0 0 6 8] *%BJ#^«^^7.»S(DW^tt^ 

05£L. K-t!>y*ff»aaijS«ffiOkeV , K-X* 5 
x 1 0 1 4 i ons/cm 2tHS b Tfi 1 o it. 
[0 0 6 9] 0 6 (A) ~ (F) !3Sni)?XH 
fl^fUffllc7^-;U^b, lB#ffl, 2«pffl, 4B#K, 8 

«i&*te#tt©SI^<i:^«©/t^-> (160X200 m 
m) <hb, mtttktt1fti&a)Ka>mXts*lfmm&&-i! 

[0 0 7 0] 06 (A) ~ (F) C*-r^JJO«MS* 

[0 0 7 1] ZL©Hi^(C*3tt^*^BJ#e>©*iSlB<)75:g 
Mtt. FPM«rai*ltUT*»a)5»*^b*:V»*fr©aSR 
T*^. W6. ^ClT«maB#ma4B#K<>:bfc^© 
*««BM 0^att3iXBt«:# S C £ ©T^ if » o 

[0 07 2] £&, 0 6©iSS*S: ! b£IC«iaB?fra£<S«f 
**tOH«*H7K*r. 0 7T«MaB#W©ii»(C 

-C**. ft*, 7-f X-Y >ifLjfcft«W»90IBIH*jB*. 
•5fefct)Ta©5!^*%<ftSi:?-i®$n§. *fc, S 
ia©SfflVi20X100 /!m»/^->TH S6>lcMaB#ra 
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i>m < rmts z. t a>mm s tut. 

[0 0 7 3) Sfc, ^>U>W«IMSIMS 

fft5^<^^»-y5rjl/3gj[jj)tijs«j7xiol8atoms/ciii 3 T$> 
oifcWKttU 8B#mM3Tift 3xi0l8atoms/cni3 K£ 

***fflTIB (« 5xi0l7 a toms/cm3 ^f) 

[0 0 7 4] ft*3, ££Tf96ttfc:i5/$-;Wi£ttl60 
X200 /im»;^- >oef»jC>a8O/im0CDJ6HS:S I M 
S#«T?WS£bfcii£T*<&. |tl£ffitt&|5|-©jg 

60niT2&3©T20~30nm©3£$T©¥#9<ii) £fflV>TH 

[0 0 7 5] BLhWEH;:, E 7 ©160X200 /im©/t^ 
->©IS*J:«5. K-lf>^Ig&»ljMtffiOkeV , F 
— Xfi 5xi0l4ions/cm2TfTVi, >^©Ma@ 
*S6001Cl;:Bjebfc»&, -t«D«Ua«flffl»aoRp|KICU: 

[0 0 7 6] «Slfi©7;ir-^ hfi 

tfxw^h^ai/T. msi$M<z>±igaop#w 

[0 0 7 7] *BP*&f4#5*fflR0WJ|IM!fei5 
£600 <C 8WrfWKHjeU K-tf >^#®/1^^-^ 

[0 0 7 8] ^dT«»ii«JE®OkeV KHJgU F- 
XS* 1 X10l4ions/cm2, 5X10l4ions/cm2, 2xiol5 
ions/cm2T^Afc#g-©iSg*fC-^ HT@8 (A) ~ 

(C) lc. »jM£E£10keV CSfb, F-X*£ix 
10 14 ions/cm 2 , 5xi0 14 ions/cm 2 , 2xi0 15 ions/cm 2 -xf 

SAft:«^OlS*COV»TH8 (D) ~ (F) Kjftf. 
&*3, y^5"J >4/^©im&fttt*M©ffflG*ife£ 

[0 0 7 9] 0 8 (A) ~ (C) *3iZ>* (D) ~ (F) 
KjR-ntSK:. lOkeV ©«-&fc30keV F-Xa*>* 

»i£«ffiOkeV ©&#Tte 2xi0 1 5ions 
/c«2T^fc?L#R±l/&:<fcofc©K*fU flni£«JE 
lOkeV ©&ftTte 5xi0 14 ions/cm2TKK?L55*5££Lft 

[0 0 8 0] JL©ffi#&<&-3Jfc*frT?fflaLfc 
ttft & S I M S ##r L fctfe*. ^\t0-y >r 

[0 0 8 1] Z.O&gt&ikt&T® 1 <Dif yy\ZBT. 
Hl£&Vvr. Kflftl*P7cX©P~X&-C&Q. JKMtt 



[0 0 8 2] 01 lC^-r«lc, 5H*T«0keV <DW&\Z 
\fPjvM<D F—Xg£ 5xlOions/cm2i:UTt>5;0*l 3 
X10 l 8atoms/cm 3 ©:z»/$-;W*g|@l,T^-5At, 'J>U< 
i ; &2X10l5ions/cin2oh:— X*T1^n-rn«S I MS 

tut. 

[0 0 8 3] Sa»Ctt"botfi;V»H-X*T?»ffiTBBS 

mvwtwfi. *&wm<E>\z-vtr)vmm£ F-xg© 

[0 0 8 4] — £tRTH10keV ©Wfi-fcttPTE*© 
F— Xg£4>fc< 1 1> 5xl0l4ions/cm2i-rn«S I M 

^nfc. gut. £KKttfco£ttv»i*-x*T*ttrFE 

[0 0 8 5] Z.<DU\Z10\w\ £30keV tTW6.A^ffl* 

^n^as«, p-r*>*H-t:>yLfci»©-f*> 

flWBanTV»*. EP^, lOkeV ©JB»WET?1*— 

fc«0H ^ ftS P tE* ©Wt W 
<. yy*y>^fc*#T*P7E*^v>fc«n?**£ 

[0 0 8 6] fi/lh ©»!&«*!&»&. yy^'J>^CDfc» 
©»l*tfaa*600 TC 8WMBlTfff5iV»5*#rtT?BW© 
ttAtt&XJR (FPMiBlTa^JiVJi) 

#©&#<!: 1>T, jDji«JSOkeV T 2X10 15 
ions/cm2^± < J : -r-5» ifcHteflnMWfflOkeV T?F— Xg 
£ 5xiO»4ions/c«2eU:<fr*;:i3i«ff*UV^t3Wi 

[0 0 8 7] H^MtUTttjtmffi* 5 
K<sft«tl«-t>i^ifll^©^«aWPU F-XS 

*. ^T, §!t£Tfcttjni£«fflOkeV TH-XiS 5X 
1 Ol 4 i ons/cm2^ Ji t f -5 d t *«St>» * h VJ*#T? * S 

[0 0 8 8] ^:^fif(jZfi©«ir. »]jt«ffi*TOkeV ©^ 
F— Xfirt* 5xl0 14 ions/cm 2 ^±T$.n«--/^;i/ 

*IKC:=yar;HRiS^tttHrFlfilca-r* F-Xfi 

[0 0 8 9] *^BJ^6»Jii, TFT«ttC«f* 

K-XSTPtBK* F-bf>yt-n«sv><h^3B$n 

•5. 

[0 0 9 0] tCl^T, *»W#6HJtl«*»tUT'J 
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9 (A) \Vf*j9V >?m*FM.*t£\sTV >£R^tzm 
^ 09 (B) te#o>£#v>fc^©^I|-C&3. 
[0 0 9 1] &45. K-tf>^£fmflt]jItt©OkeV . 
K— Xfi 5xl0l4ions/cm2tU. 3"J >>f<Dtz.tb<D 

MMmmw t, 8 BsmtLfc. *fc. y?*Mj>y 

[0 0 9 2] iJ>*h*-li>yLfcH9 (A) KiR-JIt 
»t4=yy;i^*^±cyy^ij >y^nX160X200 u 

#D>£K-tf>^Lfc0 9 (B) KjRtWT? 

cotti&ttte© 1 3m\zm-r^7tM\z^xhmux'$> 
[0093] eut«D«t. **w*»3R-ryy^u>^as 
3 juearaMt u & v » ji t*q»M u fc. 

[0 0 9 4] ftttC. et±C3R-Ufc*»gB#6C«fc** 
^IgK&^T, yy^u >y©ifc»©JllIflWflStt»3 
5g© H-tf >yigtt^ai$«JEi K-X**«KT* 

[0095] *»w*6©j*»Trttfiie»a*v»s^Av> 
t v> enfc**, fi.m^p-kx £ n 5 

*3HH©BM ^5XS«©SS^tti:<ko 
T±H®£te700 "C «?i;L<te550 ~650 "C, 

[0 0 9 6] Sfc. «rail»IHttfiHH£&V»tV>5IS* 
ifcofc**. *7^»«©WJIMt*«fct«Bi£lS©^;p 

[0 0 9 7] S&, 600 "C 8&n©ftft0ia&tta£ls 
TPToKwH-tr^ftfrft^lHMlcW^fclS*. Mil 

mjE^lOkeV tU K— 5 X 10l4atoms/cni3 gU; 

[0 0 9 8] ft 45. ^y^^JgSSrlxiOlSatoms/cm 3 
EtTCtSCT+^TJ&Wl h*-Xattlxi0l3ions 
/cm2^± ($f £ U<« 5X10l3 a toms/cm3 ~ 5X10l4at 
oms/cm3 ) Tt^ifSSn?.. 

[0 0 9 9] &&m 2 ) *HS6^JT«H^J 1 igft 
*#glrT?*»R¥»<tat©«i6<t*ff 5«*H 10*fl 
V»TK9If S. &43. £©ttftfc¥&CHf.6IMffltt«F 
H8¥7-l 30652 4?£ffietl©&ffl$iJ 2 *#*KT*£fi 

[0 10 0] if. 010 (A) KiSHT. 3 0 1tt^ 
7X&KT&9. *-©±K:TittfiE3 0 2, J8U!0nm©# 



KT?ft*v;**iea«3 0 4«BfifcU ®«t£^ <** 
Jfi«iJ*)=yy;ui:-rs) *j^«»d(airt-*fcj&©flija 
»3 0 

[0 10 1] £©^T«Jl»B«!l*Pfc43V»TUV3fc* 

«a*u #sks»M3 o 3<Dmttimm\zmn&&.w<D 
y;us:iooppm <&&&*) Tf^rbfc^y^nawfi* 

*S*K>:i-M£fc«fc?)»fliU £AJti£SJR3 0 3 

.©Sffi»rffiSfi-^5/dr;i^-^rM 3 o 6 *^-rs. (0 

10 (A) ) 

[0102] 010 (a) izxkTvtm&mcib. ^.mm- 

ffl^.+T600 8hrs©MB«ffla*ffv», 

3 0 3 SISJIYkT*. #^«a*M3 0 3<D&&<\L\Z, 

-vwzimi'fzMm^mMt^fTtzJifa (.wen 
w) cjttf-r*. (010 (b> ) 
[0 10 3] &45. ;:©»aYknaicft*.»d»ttSfctt 
tttt©»ft©«^ff-efe**»ft->U3>JUi (#u->u 

[0 10 4] Sfc. d©RS. *£H<t:&©Jglte. (D-y>r 
0 8 GtMMfttSK).. ®»R!tfi*«R«a:3^ofc««3 

o 9 gmhcsxk) ©="3©«*i;:#siaft*. & 

45. fU^C&££?«©fctffyftgfiR*3 0 8©*T?» 

sot. etT©wwK*v»Tffi©«tt©tte8taj»T. 

[0 10 5] »6tifcttfiMk»©SI*RC»UT 
!f-3t©HBat*tf-5. £ftKJ:!5*fiJtfi*«3 0 8 

»4*sc*Sfttt*«&iianfciBfttta*i!i3 i otfc 

(010 (C) ) 

[0 10 6] V— !f-^©BBW*q»TL/fc6, l^X h 
■7X^3 1 P (U» 7t*©h*-b!>^ 

lS*ff3. &45. K-tf>^#«HM«aJll^^T 

©fc»©»ri!^©Afr*#*UTftjg-r*::t35WS 

bH. (01 0 (D) ) 

[0 10 7] *SI»JT«e:©H-tf>yxSS:RF« 
^J20W . flnil^ElOkeV . F-Xa5xi0'4ions/cni3-e 

12,31 3*itf»yy^iJ >^«3 1 4tJ5 

[0 10 8] P7t*©K-tf>^lS^mTbfce, !✓ 
-^(-■77^3 1 lSMS6LT»JR«raiftffV». 

^u>^««3 1 4©rtgpic^-r-5-y-5 r ;i'Sr. 

iS"J>^M«3 i 2, 3 i 3©^»r (^EP©^[Siir) 

U>^*«3 1 5**»6tl*. (01 0 (E) ) 
[0 10 9] ^©B#. ^MS«H»J 1 KftoT&ffll 
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[0 110] ^l/T. /^-z>JTC±oTyyi"J> 
^#3 1 2, 3*1 3Srf^-r-S>Cl<!:TH-^(cr:>y^;i/ 
ftt;W^£nfcA«/T*-->3 1 6£f#3o '©8$. 
dr>y*U>^««3 1 2. 3 1 3 tRWTSfliZaW*)- 
JigKR^TSiLtjWSLK, (010(F)) 

[oni] **jfifi»j©isa<t^a:*fflv»fc«^. 01 
o (b) ic*rtiJ^j«flDiftic»6n««wt&««3 

0 8H rt«o=yir;MRaE3WaS!=y^i'ft«Jinu& 

[0112] his, nat«iK^ufc»a<k¥a«to 

[0113] (H»J 3 ) *HM^JT(JN^^ ^^ffl T 
F T £ P =f-\ *;UST FTt £*9*§6<J C 
MO SES&£f£Srr5Ig#JCO^TiKBJ-r&o 

[0 1 1 4] 0 1 1 (A) 1 1 B^7^S 

«. 12ttT*Bt, 1 3»4N?-r*^fflTFTOgtt 

13,1 4ttOTX.tfH2 (F) ©*fc/t*— >2 1 2T 

[0 115] JfcK:, ^XvCVDftSfcJiMEJI&CV 
D«{rJ;t3m<ta^M^150 nmOjP U y-f h 

1 5 *jBj&-ra. (0 n (a) > 

[0 116] JfcK, 7^5=^A*±JSl^t-r**Pffll 

W¥7-135318^4i«BE*©»«**)fflT6. Hi^gfE® 
O^SflJflr* CfcT^JLHttOlWMffcllit 16.1 
7. ^^HSm^tJK 1 8. 19. y-fMS2 0, 2 

1 w^sna. 

[0 117] y-f h«@2 0. 2 1. ^?LM«© 

MKftJKl6. 17t^tl/T^MOBl5 
£Xyf>^U yW M&HK2 2. 2 3£jBfifcr*. 
^bT-e©&. £?UCtt©ISffiKft|g 1 6. 1 7&iK£ 

-r -a. i ^ Lxy-r hMSM 22.23 ©tfawgHj u 

(01 1 (B) ) 

[0118] Nffl^-^-rs^tt*^ *>*-f * 

>y5>r->3 >»tfctt^5Xv K-t!>^^ 

®^tt#iasain*»jiiefi«jETffv». n - 

•5. 

[0 119] C©B$. »jfi*JE*«BV>©TPRtt»'f *> 

®« PFJ$«liS&te 1X1018~ ixi0l9atoms/cm3 g 
[0 12 0] 2@g©W&m»)t]£<gflI]j£«ffi 



©T^-f M6««*t^X^tbT«ter*. Sfc. £© 
n+tttttt»©V-.X/ K l/-f XRHtifc*©!?*'- h 
Jft&WSOOQ&T <ff*l/<H 300QBlT) 

[0 12 1] &Uh©Xl§&&T. Nft^MTFTO 

v-*** 24. k k >«® 2 5 . <sm&7fin®m.t$. 

2 6, ?**)W!&m%i.2 7t>W!8.Zn%. fc*, CI© 
tttSTtt P 5 1 ir TFT ©SttM "b N 3^ T 
FTCDjgttJBiRUttftife-aTViS. (011 

(C) ) 

[0 12 2] fr\Z, Nft^HTFT&SoTl/^X 
hv*^ 2 8 SRW\ PS!Sft4i"*^K«l-f 

»ftff5. £©is*>Mft©*tttt^:DB£lsi«K:2 

BK$Wrfr3. fc£U £©*fi-CttNSfcPS!K£ 
ft-5 J&g#ft -5 ©Tltti^© N5 1 -V TFT ©X 
S i 0 *> 2 ~ 3 «gjt©*i£*K *>£iiiyjO < Ttt 

[0 12 3] CIW&KLT, Pft*MTFT©V- 

2 9 , HM >«« 3 0 , teitg^M^M^ 3 
1. ^*JWBfi!t<W«3 2 3WJS3cSn*. (0 1 1 

(D) ) 

[0 12 4] K±0«KbTSttJB3&^Jfi!tUfc6. 77 

-^7.7^- ;K y— 7=-.J^*fc^;i:7>:/7=— 
;w;:J;0^tt<:fr>©^^fc:&£rM , :*:<'*»B^©JS 

^©EHt£0-5. 
[0 12 5] J||IIIffiflUK3 3 *500im©jPaC» 

Sffi*eSM3 3fcLTfifflMbi3lSil. SHBi* 

[0126] ^ei/r, 3>^i7 hJjN-;i/*j^fijcbTv— 

XK$3 4. 3 5, KWf >R«3 6«&J5fcl/THl 1 

(e) KjR-n*ts*»s. *as»fflgWTaMffl 

SftfTV»^(*:***ft:L/TCMOS@»3^JfRT*. 
[0 12 7] *^B5fi«T?5S-rCMOS0»tt-f>A— ^ 

TNAND0SS, NOR[3I&©tt&&*ara[§l]ft&4ffj£ 

[0 12 8] 6U:©«Cl/r»J5lfcUfcTFTH:? 
+ *;W8j3t<I«2 7. 3 2^-tOPSiOStfraK^yy 

a>m^mzmmm^^z.tt^\ se^x. mis 

tt©«V^TFT, CMOSlElK. 2e>\Z\t¥m&®$&£ 

[0 12 9] ^IC, *«|B*flfflbfcTFT©«SLWtt 
(TFT&tetfcBfKma) t*»WS*lfflUa:V»TF 
T<h«ft«ftt*it^LTSiK-r-l>. u^tTFT^ 
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(Id) 0^ioT./DyRfey77Ti!5D,l(l-V 
g (Id-Vg ttfft) <hfcwitt-£>. 

[0 1301012(A), (B) te<t:-S£&N5^* 
;i^TFT©TFT#ttT*SU 012 (A) «^>y^ 
'J^MI^lLfeTFT, 012 (B) «yy^'J> 
^MS£fi££ft^TFT©mfv#£T&3. &*5, 01 
2 (A) . (B) tti:^ ?>*>£&© 3 0<@©T FT ICO 
V>T»I5£U ^©^STfttaS^KioT— ^0^77 

[0131] 012 (A) . (B) it^rtl^iX^ 

0©ftigii^£ftT^-S75*, ±&6<H::«VMii£*LTV> 
6*39»KW >«ff (Yd) SHVtl/mfflr-^ 

x-^T*-5. S&, y-f httffte20V~20V ©^BT 

[0 13 2] ST. 012 (A) CtJViTtt^r*. 0 
12 (A) fcSf«fcN3 1 -\'*JUg!TFTC0«-&, j®2 
0V~OV©$£fflTT F T***7ttJ6lC*4**. ^©*7 
BSS8 1 (Vd = 14V ©<§£•) . 8 2 (Vd=IV©ig-&) & 

mm a n* . n ©# s^/Jn s wtui^ s v» « £ a v *. 

[0 13 3] y-f MUEftTOO VfcSU&»]fcS£ 

IBl;:i8D!fctoS££SSi*bT43D, £©R#©:d-Vg ft 

[0 13 4] ^IT, ^r-f H«£at)V~20V ©^fflTte 
TFT*»*>tttSKl**&», *>t«8 3 Vd = 14V 

©«#). . 8 4 (vd=iv©#ao a«tftn*. d©^->n 

1ft 8 3 , 8 4 (t^BtClSft £— JtOttftjRT. 

[0 13 5] ^IC, 012 (B) C*V»Tt>[^«K*7 
Htft8 5 (Vd = 14V ©«£■) . 8 6 (Vd=lV©«-&) £ 
itX^->tt«ff 8 7 (Vd=14V ©«-&) . 8 8 (Vd = lV© 

ntmtm*>fr\zm 12 (a) ©^wwfcSfcfc&T?* 
s. 

[0 13 6] BP*, 012 (A) T«^7«SfE8 1, 8 
2i%>KtbKW»ofc«rtt**LTV»S— 01 2 
(B) T?»#Rrl:::fr7Sft!f8 5©/l7y**«»U^'b©i: 

[0 13 7] *»W#6©»AtJ:ntf, TFTWgtt 

©U-^XfcJfi^-r-5. -?-LT. *-tt£-£ifgttJfT 
T F TS«dt Lfe«#C±SBO«3ft*7«*0/t7!y* 

[0 13 8] 012. (B) KjR-i"TFT©*»NrttB:* 
V\std®£. 012 (A) »3^T«l'^7«SS©«^o 



[0 13 9] fti5. 0 1 2 TteN^-\^;i"MT F Tl:o 

[0 14 0] -tJLT. 012 (A) £,£#0 1 2 (B) 
CiKl/fttft«tt*RttftUfty77*H 1 3 (A) , 
(B) CiRT. &*5. 013 (A) \Zj£?if57i**7 

mmma. 013 <b) K^t-^^te^tfiiTVflt 
(Mfwa&Mm) ©jE««*»**aiuT*D. 54 

0ffl©TFTtCOViT©x— i?£$kWrLT$>Z>. 

[0 141] C©«ft;^77liTFTlStt<HA7y+& 
fWT-SiTE'aS'T**. 013 (A) 

i. yy^'J >^&0©^te^£*©* 7ttiMtf*$iA 
~R-+uAg£©/t 7 y *f*3 fc« * -5 © b v *f v *? U 
>y&L©ti-& »SfbAHKnAe>y 1 5 7*^IS$ns. 

[0 14 2] BPS, x-^»Sri^i^-ri, ■*©«*» 

[0 14 3] fJoT. 013 (A) Tttyy^'J^* 

>^b©^-&, 5 4 0fi©TFT©5"£> m% (4 
3 0«§£) ffl0pASflEO«CiR**3&*. 3£B©ft)l 1 
0(@©TFT« 1~2 Ififc^'bOiaoTL.S^ £ 

[0 14 4] iLWjUfcigjllte. ±S6CD«SaiSCJ:D*S 

at, y y ^ u > ^ms c±o t&» snfeut *mm k 

[0 14 5] 013 (B) tC^-t^b'U^ffi© 

•J>^ftb©»g-, ffiyglC^Ebi'JT-^ffiW/ha^TFT 
)WflR5Er V» H £ j&«HS. 

[0 146] d©*«, ^y^U>ya:U©»&, TF 

[0 14 7] Cl©*||lCOViT. *%P^e>«^©«fC 

*T»*tSftara±©lS^oSE^tt)WB<. Sv>x^;u^ 
— ISSSS^UTViS. Jind*TFTg)jf£Kr©=^U7 

[0 14 8] H^JUC^LfclS©^, lc06<]t;- 
7^»ll»J8**lffll/TV>4fc», iiSfttta^M© 
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CO 1 4 9] -tCT**?l#6»4» xXAte 

AT^§. 0U*.«> ±i£©«fc->'J-tH' KfcbfcW? 
y y * 'J >;?M3£?t3 <h, -> U n >toiB 

[0150] 6£ot, ai 3 (b) tc^-r^m*#«-r 
*"$-<we*©y * * u >y$&gtteSft o , ftui7cx© 

-5. 

[0151] afc, #2gHj#e>teHi i <e) fc^-rc 

MOSIU8& W>yX-^E») £#&gi&HC&ttU 

JWttEO ~ 1 6 VTf^JgKiWU 100NHzi&V4Mft3& 

* ©**<K V S £ £ 7&*T * fc. 

[0 15 2] GU©«*a»6, *3S9itf«TFT4«fr*>¥ 

[0153] c§g»j 4 ) *n»j-e«ms^j 3 1 \m 

fe*«ffi©TFT*fMl-j-*«&0«llK'3V»TKWr 

[0 15 4] 015 (A) KiSWT, 4 1 fcttf^XS 
«. 4 2 HTFJttK. 4 3 tt#ftM»T&5^ h« 
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